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FREE-SPINNING WIND-TUNNEL TESTS OF A LOW-WING MONOCPLANE
WITE SYSTEMATIO CHANGES IN WINGS AND TAILS
I. BASIQ LOADING CONDITION

By Oscar Seldman and A. I. Nelhouse
SUMMARY

A serles of tests was made in the N.A.C.A. free—
spinning turnel to determine the effect of systematlc
changes in wing and tail arrangement upon steady-spinning
and recovery characterlstics of a conventional low-wing
monoplane modsl for a basic loading condiftlon. Eight
wings and three talls, covering a2 wilde range of aerodynan-
lc characteristics, were independently ballasted so as to
be interchangeable with no change in mass distribution.
For each of the 24 wing-~tail combinations, observatlons
were made of steady spins for four control settings and of
recoveries for five control manipulations. The results
are presented in the form of charts comparing the spin
characteristics.

The results showed that, with a poor tail arrangement,
wing plan form and tip shepe had considerable effect on
the spinning characteristics. A wing with rectangular
plan form gave noticeably steeper spine and faster recov-
erles than the same wing with Army tips. Poorest recov-
erieg were obtained for s wing with 5:2 plan~form taper
and no thickness taper; repld recoverles were obtained
with & wing having 2:1 taper in both plan form and thlck-
ness. For all the wings tested, satisfactory recoverles
could be obtained by the use of a tall with a deepened
fuselage and a ralsed stabilizer, Holding the elsvators
up resulted in the steepest spins from which, by reversal
of both controls, the most repld recoverles were obtalned.
Steepest spins were gensrally, though not always, assocl-
ated wlth most rapld recovery, but there appeared te be no
relation betweer the sideslip of the steady spin and the
turns required for recovery.
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INTRODUCTION

As a result of extenslive research performed in recent
years in flight, on spinning balances, and ln free-spianing
wind tunnels, a considerable body of data (references 1 to
14 as well as unpublighed results from the N.A.C.A. free-
spinning tunnel) has been accumulated regarding the effects
of inertial and dimensional modificatlions on the spinning
proportles of epocific airplanes. The informaetion avalla-
ble at present is not, however, gpufficlent to predict ac—
curately the spinning charscteristice of an untried alr-
plane design and actual full-scale or model testing must
be resortoed to, unloss the design incorporates extreme
foaturcs known to bo boneflocial in the spin.

In order to secure moro comprehonsivo data that might
form the basis for deoveloping dosign criterions, the
N.A.G.A. has undertaken 2 systematic investligation of which
the tosts horeiln reported constitute tho first part. Theo
gonoral plan is to dotormine, by major indepondont varla-
tiong, wvhich of tho dimensional and mass charactoristlcs
most greatly affect the spin., Tho offeocts of some minor
changos will subsequently bo investigated.

It is plannod to supplemont the preliminary investi-
gatlon of a low~wing monoplane by brief tosts toc show com—
poarative effects with a bigh-wing moncplane and ultimately
to extond tho investigation to biplanes as well.

The major ying variables selected include tip shape,
section, plan form, and flsps. Tho program included tests
of an Army stendard tapered wing (reforence 15) that com-
bines changes in plan form and thickness. The three togt—
ed tall arrangements range from a combination utiliging
full-~length rudder and raised stabllizer on a considerabdbly
doeponod fuselage, designod to be oxtromely officlont in
providing yawing moment for rocovory, to a more nearly
convontional type with rudder completely above a shallow
fusolage and bedly shlelded by the horizontal surfaces.

The present report gives results of tests of elght
wings and three tails for the basic loadling condition.

The basic loading condition is representative of an
average of values for 21 American asirplanes for whlch the
momente of inertla were avallable. 3Xlght other loading
conditions to be investigated involve independent varla-
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tions of relatlve density, center-of-gravity location, and
moments of Inertla. The range to be covered is based on
tho values for thesc alrplanes.

APPARATUS AND METEODS

A general descriptlion of model consfruction and spin-
tost tochnique in the N.A.C.A. freo-spinning ftunnel l1s
givon in reforence 1ll. Since the publication of roference
11 1t hos been found possilble to expedlite testing by launch-
ing models dlrectly by hand, obviating the use of the
launching spindle.

The models are made of balsa, reinforced with gpruce
and bamboo. In ordor to ssescure lightness, the fuselage
and wings arc hollowed out as necessary, eoxtornal contours
bolng malntalned by means of silk tissueo paper oa reinforc~
ing ribs. Thoe desirod loading is attained by tho proper
distribution of load welghts.

As can be soen in figures 1 to 5, the wing and tail
unlts were .lndependently removahle and interchangeable to
pormlt tho testing of any comblnastion. The wings and
talls were also independently ballasted so that exchange
of unlts could bo made without change in mass distridbu-
tilon.

A clockwork delay-action mechenism wag instelled %o
actuate the controls for recovery, simulatlng the rapld
motions that would be imparted by a pllot.

The low-wling monoplane model was not scaled from any
particular ailrplane but was deslgned simply to be a rep-
resontatlve low-wing cabin monoplane with cowled radial
engine and with landing gear retracted. Over-all dimen-
slons are glven in filgure 1.

For convenience in making comparlisons the model may
be considored to be a 1/15-scale nodel of elther a fighber
or a four-wplace cabin alrplane, tosted at an altitude of
6,000 feet: In this case the full-scale characterlstics
with the baslic loading end tail © would be:

Welght (W) 4,720 1b,

Mean chord (ec) 75 in.



4 K.Ad.C.A. Tochnical Noto No. 608

Span (b) ] L] . . . . . . . . . . 37!5 ft-
Wing aron (s) . L] - . Ld . [ ] [ L] L] 234.4 Bq. ft'
Agpoct ratio . . , + +. v . . . . . B

Distance from c.g. to elovator
hinge . - L ] '_.. L ] . - L ] - L ] . - 16.6 ft.

Distance from ¢.g. to rudder .
hinge o« ¢ ¢ ¢ ¢ ¢ ¢ 4 o« « + o« « 16.9 £%.

Fin orea . « ¢ « o« « + v + o o o« 6,8 8g, ft,.
Budder 2area . « « ¢ - + &« « « » 6.9 8qg. £%.
Stabiligzor area « . + ¢+ « . - . . 19.8 sq. ft,
Elevator area + o« o+ « o ¢ » +» « . 12.9 8q. ft.
Control travel . . . . +« « . . o Rudder: x30°

Elevator: 303 up,
20~ down

A v v i e e i e e e e e e . . 2,760 slug-ft.?
B ¢ v o 4 4 ¢ 4 2 o e o o 5 s « 3,970 slug~Tt.8
C &« & ¢ i ¢ e v e e s s e« s s s 6,150 slug-~ft.2
I/C ¢ ¢ e 6 e s s s o s « o « & 0.25

z/c e & s e « w s s e e s e« 0

Tho guantity =x/c¢ is the ratio of the distanco of the
center of grevlity back of the leading edge of the mean
chord to the mean chord; and z/c¢ 1e the ratio of the dis-
tance of the center of gravity below the thrust line to the
mean chord,

Figures 1 and 4 ghow the model with the basic wing
(wing 1} and the smallest tail (taill C) installed. This
wing 1s of N.A.C.A. 23012 gection with rectangular plan
form and Army tilps. (The tip contour ias derived as de-
scribed in reference 16.) In common with the sevon other
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wings tested, it had an area of 150 square inches, a span
.0f 30 inches, and no dihedral, twist, or sweepdback.

The seven remalning wings (figs. 2 and 5) heve variled
dimensgional characteristics as follows:

Wing 2: XN.A.0.A. 23012 gection, rectanguler with
Lrmy gipe, 20 percent split flaps deflect—
ed 60 ‘e -

Wing 3¢ N.A.C.A. 23012 section, rectangular with rsc—
tangulaer tips.

Wing 4: ¥.A.C.i. 23012 section, rectesngular wilth
faired tips.

Ting 5: N.A.C.4, 0009 section, rectangular with Army
tips, .

Wing 6: N.A.C.A. 6718 sectlon, rectangular with Army

Wing 7: N.A.C.A. 23012 section, 5:2 taper with Army
tips.

Wing 8: N.A.C.A. 23018«09 section, Army standard plan
form (sguare center sectlon; 2:1 tapser in
botkh plan form and thickness, and rounded
tip).

The three talls tested are designated 4, B, and O.
The conventlonal arrangoment of a shallow fuselage wilth
rudder completely ebove tho tall cone 1s represonted by
tall C. The dimensional charscterisgtics of this tall are:

Vertlical tall aroa, 6 percont wing area (3 percent
rudder and 3 percent fin).

Fuselege side area, back of leading edge of stabilliz-
er, 2 poercent wing area.

Vertical taill length (from gquarter-chord point %o
rudder hinge axis), 45 percent wing span,

Horlzontal tail areas, 14 percent wing area (5.5 per—
cont elevator and 8.5 percent stabilizer).

Horlzontal tall longth (from quarter~chord polnt to
elevator hinge axis), 44 percont wing span.
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Tall B (figs: 3 and 5) was derived from tall 0 by in-
creaslng the fuselage depth, raising the stabllizer and
elevators, and installing approximately the oXiginsl fin
and rudde¥ atop the deepened fuselage.

For tall B wlth the pame tall lengths as tail G, the
¢imensional characteristics are:

Vertlcael tall area, 6 percent wing area.
Fuselage slde ares, 5.5 pefcent wing area.
Horlzontal tail area, 14 percent wing ares.

Tall A (figs. 3 and 5), with same tall lengths as for
B end €, was simllar to tall B except for full-length

rudder construction and slightly increased elevator cut-outb:

Vertical tail area, 8.0 percent wing area (56 percent
rudder and 3 percent fin).

Fuselage slde ares, 3.4 percent wing area.

Borlzontal tail area, 14 percent wing area.

The model loading (for the esguivalent test altltude
of 6,000 feet) corresponded to the following mass-distri-
bution parameters at zero altitude (p = 0.002378):

L.

= 4
K gp5ShH =
wb® .
g(c - &)
C =3 - o.64
G -~ A
%L = 8,7 (where ky 1is the radlus
X of gyration about the X axis)
x/e = 0,25

0

1
S

o

i
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RESULTS AND PRECISION

For each wing and taill combination, spln tests were
made for four control settingsa:

(a) rudder 30° with the spin and elevators neutral. .

(») rudder 30° with the spin and elevators 20° down.

(¢) rudder 30° with the spin and elevators 30° up.

(d) rudder neutral and elevators neutral.

Recovery from conditions (a) and (b) was ettenpted by re-
versal of the rudder, fron (c) by conplete reversal of

both controls and also by neutraliging both controls, and
fron (d) by nmoving both controls to fully deflected against
the spin. All tests were for right spins.

The angle of attack a, angle of sideslip B (posi-
tive invard in s right spin), turns for recovery, spin co-
efficlent QOb/2V, eand rate of descent V are plotted in
12 charts (figs. 6 to 17) grouped so as to pernit ready
conparison of the effects of tip shape, section, plan forn,
flaps, and Arny wing.

The date on these charts are believed to represent
the true nodel walues within the following linits (see ref-
erence 11):

m - L L L L] L] - L] a - iso
o
B . . . . . - - - . il"‘l/z

Turns for recovery . . *1/4 turn

[91:] ) + £
oy "ttt oe e e e 3 percen
¥ ¢« .+« ¢ ¢ ¢ . ¢« e . . *2 percent

For certaln spins that sre difficult to. control in the
tunnel, owlng to high alr speed or wandering notion, the
foregolng linlts nay be exceeoded.
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DISCUSSIONR

Tosta with tail A (figae, 6 o 9).- A comparison of
tho results given in Ffigure 6 for tail A and different
wings (for rudder 30° with and elevators neutral) shows
that the rectengular wings with rectangular or falred tips
(winge 3 end 4) gave the steepest spins (a = 47° compared
with 60°% for the flattest) and the fastest recoveriles
(1~1/2 turne). The wing of N.A.C.A. 6718 section (wing 6)
geve the least outward eideslip; the wing with 5:2 taper
(wing 7) and the wing with flaps (wing 2§ gave the slowest
recoveries (4 turns).

With elevators 20° down (fig. 7) the spins were very
similar %o those for slevators neutral, BElevators wup
(f1g. 8) definitely steepened the spins (by about 8° for
the flatter spine) and gave rapid recoveries by revereal
of both controls. With controls neutral (fig. 9) a spin
could be obtalned only with the 5:2 taper wing, the model
recovering of ite own accord when forced inte a spin for
all other cases. :

For all control settings, rectangular and falred tips
gave the steopest spins and best recoveries (no more than
1-1/2 turns). The wing of N.A.C.A. 6718 mection gave the
least outward sideslip of all wings and e slightly lower
angle of attsck than the two comparable wings of N.A.C.A.
23012 and of N.A.C.A. 0009 sectlions, but airfoil sectlon
had no ocpparent effect on the turns for recovery. The
poorest recoverles were obtained for the wing with flaps
and tho wing of B:2 taper but the Army tapered wing (wing
8) was similar in behavior to the basic rectangular K.A.C.4.
23012 wing with Army tips (wing 1).

Tests with tail B (figs. 10 to 13).- Figure 10 gives

results for the varioue wings with tail B for rudder with
the. spin and elevatore neutral and showe general agreement
with the results for tall A (flg. 6) except that the spins
were roughly 10° steeper. This result is not unexpeected
ae the control position might be interpreted as resulting
from neutrnlizing the lower half of the full-~length rudder
of teil A.

As with teil A, the rectangular and falred tips gave
the steepest epine. Although the rate of descent was too
great for complet'e testing of the model, 1t is belleved
that recovery would have been rapld.
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-With elevators down (fig. 1l1) the spins were similasr
to those for elevators noutral. (The rectangular wing ‘
with falred tips appeared to give a critical spin condi-
tlont the model would somotimes contlnue to spin but gen~
erally would recover of its own accord after a number of
turns.) Deflecting the elevators up (fig. 12) steepened
the spin, making it, in general, tooc fast and oscillatory
to be maintained in the tunnel.

With both controls neutral, tail B is almost 1denti-
cal in configuration and dimengions with tail A except for
the slightly larger elevator cut-out of tall A. As might
be antlcipated, the steady—spln results in figure 13 are
almost ldentical with the corresponding results glven for
tall A in figure 9: a spin could be obtained only for the
case of the wing of 5:2 taper. It is worth noting that,
wlth tall B, for both controls neutral, several of the
wings (1, 6, and 8) appeared to give inconsistent results
and additional tests were therefore performed. It was ob-
served that, although s steady spin could sometimes be
obtalned by the use of extreme care in leunching, the model
generally would not spin. The apperent elight inferior-
1ty of teil B as compared with tail A is possibly attrib-
utable to the relatively larger rudder-shielding effect
due to the smaller elevator cut-out of tail B.

For all control settinge the rectangular wing wilth
rectangular or faired tips agaln gave the steepest spins
end the qulckest recoveries and the N.A.C.A. 6718 wing
gave the least outward sideslip. ZFor controls with the
spin there was little other effect of section, and the
flaps again retarded recovery. 4is before, the wing of
5:2 bteper gave poorest recovery, but the Army standard
tapered wing was satiefactory.

Tests with tall ¢ (figes 14 to 17).- With tail C the
effects of individual wing differenceg were more apparent,
Figure 14 (rudder with and elevators neutral) agein shows
the gteespest spine (o = 40°) and quickest recoveries (2
turng) for rectangular wings with rectangular or falred
tlps. By comparison the Army tip (a = 60° and lO-turn
recovery) was considerably poorer.

Ae before, the N.A.C.A. 6718 wing gave the least out-
ward sldeslip. There is o definite effect of section on
recovery, N.A.C.A. 0009 being the best (6 turns) and
N.AeCsA. 6718 the worst (no recovery) although the angle
of attack was smaller for the N.A.0.A. 6718 than for the
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other two sections. The 6:2 taper and flaps are again ad-
verse, glving no recovery.-

Tlevator~down spine (fig. 15) were very sinilar to
elevator-neutral splns except that recovery weas, in gener-
al, sonmevhat faster. Deflecting the elevators up (fig.

16) steepened the spin, naking 1t difficult, in sone cases,
to teat the nodel in the tunnel. (Recovery was conslder—
ably nore rapid vhen the controls were reversed than when
they were nerely neutraliged.)} With both controls neutral
(fige. 17), sping could not be obtained for the wings with
rectangular and falred tips. B

For all control settings the rectangular wings with
rectangular or faired tipe gave the steepest spins &nd
nost rapid recoveries. The N.A.0.A: 0009 wing gave fair
recoverles, but the remaining wings were unsatisfactory
with tall O, except for the case of complete reversal of
both controls from fully deflected with to fully deflected
egainst the spln, a procedure thaet gave good recoverles
for all except the wing with fleps.

CONCLUSIONS

By & comparative analysis of the data presented, the
general effocts of wing or tail arrangement and of con-
trol posltion and the apparent relationships between spin
characterlstics may be dstermined_-for the basic loading
condition,

Effocts of wingg:

1, Tip shape.~ Rectangular and falred tips give the
steepest spins (a < 48°) and the most rapid recoveries
(turng <" 2-1/2), The Army tip gives consistently flatter
spins (o to 60°) and slower recoveries (to 10 turns).
Thers 1s no consigtent effact of tlp shape on sideslip.

2e. Sectlon.- With tall 0 the N.A.C.A. 6718 wing
glves a steeper gpin than the other two sections dut no
recovery; the N.A.C.A. 0009 mectlon gives falr recovery,
and the 23012 gection gives poor recovery. The N.A.C.4.
6718 section consistently gives the least outward sideslip.

3. Flaps.— Flaps tend to retard TecOvVery.
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4s Plan form.~ The wing of 5:2 taper consisbtently
gives the poorest recoverles.

5. Ar tgnd ingy~ The Army standard wing 1s
equal to or slightly better than the rectangular wing
with Army tips.

.Bffects of tail arrangenent:

For controls with the spin, tall B gives steeper
splne than tatl A and recovery ie generally satlsfactory
for elther tail. Taill C generally glves slower recover—
ies thon either talles A or B.

Effects of control settingg:

1. TFor certain wings, recovery 1s slightly more rap-
14 from gpins with elevators down than from spins with elw-
evators neutral, bdbut in general there is little differ—
ence.,

2. Holding elevators up results in the steepest
spins from which, by reversal. of both controls, are ob-
talned the most rapid recoveries.

Relatlionghips between spin charscterigtics:

l. ©Steep spine are associated with high rate of de-
scent znd low Qb/2V.

. 2« There appears to be no direct rolationship between
sldesllip of the stoady spin and turne required for recove
ory. )

3. Bxcept for the case of the N.A.C.A., 6718 wing with
tail G, stooper spins are assoclated with fastor roecover—
les.

Langloy Memorial Aeronautical Laboratory,
National Advisory Committee for Aeoronautics,
Langloy Field, Va., July 15, 1937.
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Mguare l.~- Low~wing monoplane model wlth detachable
tall and wing.
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5,341
l .65"
€ 1
e ——— - I —*:J
Wing 1- 23012 rectangular with Army tips. T

Wing 2~ 23012 with 20 percent full-span split flaps at 60°.
\

5.00"

} 6on

L ¢ J o=

Wing 3- 23012 rectanguler with rectengular tips.
Wing 4- 23012 rectanguler with faired tips. 1

-l
-pare

R—y Xd

Wing 5- 0009 rectangular with Army tipe (plan same asli_.

\ R ] 02"
Wing 6- 6718 rectanguler with Army tips (plan same &s 15;

7.30" g 4
2.92n
J: F
.88"I ¥ f
— i i L

L)
Wing 7- 23012 5:2 teper with Army tips.

-
4]
1.15" , +29
_—— o, —— ?—_-’
f
Wing 8- 23018-09 standard Army wing
(2:1 taper, square center).

Figure 2.~ Wings used on low-wing monoplane.
R.A.C.A. wing sections.
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Tell A Tall B Tall C

Figure 3.~ Tails used on low-wing monoplane,



(b) Plan vlew.
Mgure 4. - Low-wing monoplans model.

(1) Wings 1 and 2, (2) Winge 3 and 4, (3) Wing 5,

- (4) \lmc(gs (5) Wing 7 (6) Wing B.

Low-wing monovnlane wings,

809 °"ON ®30f TwOoTWoe] "V O°V'N
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gy (W) (1) Tsil A, desp fuselage and long rudder.
Al i (2) Tail B, desp fuselage and short rudder.
' {3) Tail C, shallow fuselage and short rudder,
(a) (1) Rectsngnlar wing with Army tips, (2) Rectangular wing with interchangeable rectangnlar and
(3) 5:2 tapered wing with Arny tipe. faired tips.
(4) 2:1 Arwy atendard tapered wing with squere center,
Mgure 5,- Interchangeabls wings and tails of low-wing monoplape model.
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